The magnetic-field correlation function of the universal conductance fluctuations (UCF) in a laterally confined two-dimensional electron gas is calculated in the high-mobility regime. Boundary scattering induces cancellations of the magnetic flux enclosed by electron trajectories, which leads to an enhanced correlation field. The theory is discussed in relation to a recent observation of UCF in a narrow GaAs-Al x Gai-x As heterostructure.
' 10 have observed fluctuations in the perpendicular field magnetoresistance of laterally confined 2D electron gases in GaAs-Al x Gai -Ä As heterostructures. Because of the high electron mobility in these quasi-1D channels, the elastic mean free path l e (associat-' ed with impurity scattering) can be much larger than the channel width W. This leads to an interesting modification of the current theory, in which the dirty metal limit l e «: W is assumed.'' The effect we have in mind is üieflux cancellation known from superconductivity, 12 and studied recently 13 
"
15 in relation to the weak localization peak in the magnetoresistance. As illustrated in Fig.  l , the intersecting trajectories of two electrons moving ballistically from one boundary to the other can enclose zero flux, due to a geometric cancellation. As a consequence, the electrons acquire no relative phase shift in a magnetic field. One would, therefore, expect the correlation field for magnetoresistance fluctuations to be enhanced in high-mobility channels with l e > W. We note that finite-size enhancement of the correlation field was seen, and understood äs a geometrical effect, in previous numerical work by Lee, Stone, and Fukuyama.'' The calculation of the enhancement is the main issue of the present paper.
For simplicity, we limit ourselves here to the quasi-1D geometry of the experiments mentioned above (a thin metal film in parallel magnetic field is analogous). We consider the case W^l^«.L, where L is the length of the channel, and Ι φ the phase-coherence length. There is an additional restriction, which is essential, that the motion along the channel is diffusive on the phase-coherence time scale, that is to say τ^τ ε . [ This formula is approximate, but the differences with the füll expressions of Lee et al. '' are not significant (less than 10%). The correlation field AB C depends on the geometry of the trajectories (via the enclosed flux), and this is where boundary scattering comes in explicitly. The diagrammatic analysis of Lee et al. '' gives F in terms of the diffusion propagator Ρ(τ,τ';ί). This quantity is the product of three terms: 17 (1) the classical probability to diffuse from r to r' in a time t (independent of B in the field ränge of interest); (2) the relaxation factor exp[ -ί/τ φ (0)], with τ/O) the zero-field phase-coherence time (also referred to in the literature äs the inelastic scattering time τ· ιη ); (3) the average phase factor (β' Αφ ), with Δφ the phase shift induced by the field increment AB. More explicitly, 
18 As a consequence of Eq. (4), proven in Ref. 14, the effect of a nonzero Aß on the diffusion propagator is simply to increase its relaxation rate by an amount Ι/ΤΛΑ, It follows that the correlation function F(AB) is given by Eqs. (2) and (3) and, for a high-mobility channel (l e^> W ),
Equation (8) is a numerically obtained Interpolation formula, the limits of small and large AB being exact.
14 The coefficients C\, €2, and the diffusion coefficient D depend on the type of boundary scattering. In the heterostructures considered the scattering is predominantly specular; 15 then C\ = 9.5, C 2 = f" , and D = y v F l e . We stress that the results (7) and (8) , which equals 0.95 for 1 Φ »1 Τ and 0.42 for Ι φ <^1τ· In a high-mobility channel, the "correlation flux" O c resulting from Eqs. (6) and (8) is many times larger than the dirty metal value (9) . For specular scattering we find
In the regime / <t (0)»/ e^/^. we see tnat ΦΓ is larger than the dirty metal result (9) by a factor of order ~Jl e /W, while for l e «:ί φ (0) £ le^Jle/W the enhancement factor can increase up to l e /W. As a typicai example, we have plotted in Fig. l Φ £ äs a function of Ι φ (θ)/1 ϋ for a channel with l e =5W, in the case /^»/ r . For comparison, the constant dirty metal result is plotted äs well. This figure illustrates the importance of the flux cancellation effect on magnetoresistance fluctuations in high-mobility channels.
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We have analyzed the UCF seen by van Houten et al., 6 using the above results. The system studied is a narrow conducting channel, etched in the 2D electron gas of a GaAs-AUGai -x As heterostructure. Estimates for the relevant lengths of the narrowest channel studied, at Γ=2.4 K, are L = 10 μτη, tf"=138 nm, / e -314 nm, 1 T =344 nm. The conducting width W of the channel is much smaller than the lithographic width of 0.5 μπι, due to side wall depletion. The value of W given above is obtained from an analysis 6 of the magnetic depopulation of l D subbands at high fields. An analysis of the low-field weak localization effect gives a value which is 20% lower, 15 and comparable uncertainties exist in the values of/ e and/ r . 20 In Fig. 2 we have plotted the correlation function F(A5) obtained from the magnetoresistance fluctuations shown in Fig. 3 of Ref. 6 . As usual, the impurity average in Eq. (1) is replaced by an average over B. A linear fit through the experimental data points was subtracted before calculating F, to correct for a systematic trend in G(B). We find F(0) = 1.9xlO~4(e 2 /2^) 2 , AÄ C =0.05 T, with error estimates of 30%. Substitution of this value for F(0) into Eq. (3) gives a zero-field phase-coherence length /^(0) of 500 nm. Equations (3), (5), and (8) then predict Aß e =0.12 T, more than twice the experimental value. This discrepancy seems rather large to attribute entirely to uncertainties in W. More likely, the reason that the correlation field turns out smaller than predicted is that, äs we increase the field increment, more and more electrons lose phase coherence before entering the regime ofdiffusive motion. This breakdown of coherent diffusion is beyond the UCF theory, which assumes but certainly plays a role in Systems where the phasecoherence time is comparable to the elastic scattering time. 2I In the case above, the ratio τ ψ /τ β is about 5 at zero field, which is not especially large (and becomes even smaller äs we increase Δ/?). The Situation in the similar experiment of Thornton et al. 5 is even less favorable, with τφ/Tg about 2 at the lowest temperature studied. The presented theory calls for experiments with a larger ratio of inelastic to elastic scattering times.
The simple relation (4) holds (Ref. 14) only in the special gange ΔΑ-=ΑΒ(ζ,0,0), with the boundaries of the channel at y =0, z «· ± W/2. For other choices of the vector potential the average phase factor depends on the initial and final coordinates of the trajectories, which would complicate a calculation. The ultimate result for the correlation function F does not, of course, depend on the gauge. 19 For completeness we also give the 7*™0 results: Lee etal The elastic length l, follows from the formula D = r UF/«, for specular boundary scattering. (The Fermi velocity UF = 2.4x 10 5 ms" 1 results from the electron density obtained from the Shubnikov-de Haas oscillations). 21 An ad hoc formula, which accounts to some extent for a finite
•Vr e ratio, has been used for the analysis of the weak localization effect in Ref. 1 5.
